INTRODUCTION
Crotalaria pallida Aiton is an herbaceous legume belonging to the family Fabaceae (sub-family Faboideae). It is grown in the temperate and tropical regions and synonyms with C. mucronata and C. striata (Chong et al. 2009 ). In Malaysia, C. pallida Aiton local name is kiri-kiri, giringgiring or kacang kayu (Abdullah 1990) . C. pallida is use in traditional treatment for urinary problems, joints swelling, relieving fever and inflammation (Farida Hanum & Vander Maesen 1997) . The Crotalaria plant yielded fibers similar to sunn hemp and used as cover crop to curb soil erosion and served as green manure. It has also been reported to produce the toxic pyrrolizidine alkaloids, monocrotaline and spectabiline, which causes poisoning in livestock and cattle (Williams & Molyneux 1987) . In continuation of our natural product research programme to discover novel compounds, C. pallida collected from Perak, Malaysia was subjected to chemical constituent investigation. This is the first chemical constituents report of C. pallida from Malaysia.
MATERIALS AND METHODS

GENERAL EXPERIMENTAL PROCEDURES
NMR spectra data were obtained from 600 MHz Bruker AVANCE III (Bruker, Fallanden, Switzerland) NMR FIGURE 1. Compound 1 -8 spectrometers with chemical shifts expressed in ppm and TMS as an internal standard in CDCl 3 . HRESIMS data were obtained from the Agilent 6530 Q-TOF (Agilent Technologies, Santa Clara, CA, USA) mass-spectrometer equipped with the Agilent 1200 series Rapid Resolution LC system. The UV data were recorded using Agilent Cary 60 UV-Vis Spectrophotometer (Agilent Technologies, Santa Clara, CA, USA) using quartz cell. IR was carried out on the Perkin-Elmer RX1 FT-IR (Perkin Elmer, Waltham, MA, USA) using NaCl cell. Optical rotation was measured on the Jasco P-1020 digital polarimeter (Jasco, Tokyo, Japan).
PLANT MATERIAL AND EXTRACTION
Crotalaria pallida was collected from Cameron Highland, Perak, Malaysia. A voucher of the specimen is available at the Herbarium of University of Malaya, Kuala Lumpur, Malaysia (voucher number KLU 47957). 1.8 kg of dried whole plant was extracted with 95% ethanol to give 195 g of crude ethanolic extract. The ethanolic extract was further partitioned into n-hexane, chloroform and ethanol extracts by sequential solvent-solvent extraction which yielded 23, 50 and 118 g of crude extracts, respectively. Preliminary TLC evaluation indicated that the n-hexane extract contains reasonable number of components, while the chloroform and ethanol extracts displayed similar undefined poor TLC results. The present study focused on the n-hexane extract (23 g) obtained from C. pallida.
ISOLATION
The n-hexane extract (23 g) was subjected to purification by column chromatography using silica gel 60 (0.040-0.063, Merck, Darmstadt, Germany) and solvent system of n-hexane:chloroform (1:1) which resulted in fractions A, B and C. Fraction A was further purified by column chromatograpy using silica gel 60 (0.040-0.063, Merck, Darmstadt, Germany) and gradient solvent system from n-hexane:ethyl acetate (9:1) to 100% ethyl acetate, yielded fractions A1, A2, A3 and A4. The centrifugal chromatography (Kieselgel 60 with gypsum silica gel; Merck, Darmstadt, Germany) was extensively used for the subsequent isolation and purification of pure compounds. Purification of fraction A1 using centrifugal chromatography with solvent system n-hexane:ethyl acetate (49:1) afforded compound 3. Purification of fraction A2 using centrifugal chromatography with solvent system n-hexane:ethyl acetate (49:1) afforded compound 5. Purification of fraction A3 using centrifugal chromatography with solvent system n-hexane:ethyl acetate (19:1) afforded compound 4 and 6. Purification of fraction A4 using centrifugal chromatography with solvent system n-hexane:ethyl acetate (49:1) yielded compound 7. Further purification of fraction C by column chromatograpy using silica gel 60 (0.040-0.063, Merck, Darmstadt, Germany) and solvent system of chloroform (100%) yielded fractions C1 and C2. Purification of fraction C1 using centrifugal chromatography with solvent system n-hexane:ethyl acetate (19:1) afforded compound 2 and 1. Purification of fraction C2 using centrifugal chromatography with solvent system n-hexane:chloroform (1:1) yielded compound 8. The yields of the compounds were as follows: 1 (0.9 mg), 2 (2.4 mg), 3 (10.5 mg), 4 (34.0 mg), 5 (14.5 mg), 6 (10.5 mg), 7 (540.0 mg) and 8 (3.5 mg). 3250, 3010, 2959, 2937, 2870, 1674, 1653, 1608, 1457, 1363, 1259, 1175, 1049, 982 13 C NMR (CDCl 3 , 150 MHz) δ 198.7 (C, C-2), 142.4 (CH, C-3), 135.9 (C, C-6), 132.6 (CH, C-4), 132.4 (C, C-5), 64.8 (CH, C-8), 48.6 (CH 2 , C-9), 43.0 (CH 2 , C-7), 37.1 (C, C-10), 30.3 (CH 3 , C-12), 28.8 (CH 3 , C-13), 27.5 (CH 3 , C-1), 21.8 (CH 3 , C-11). HMBC: 2 J C-2 to Me-1 and H-3; C-4 to H-3; C-5 to Me-11; C-8 to H-7b and H-9b; C-10 to H-9a and H-9b; C-12 to Me-13; C-13 to Me-12;
3 J C-3 to Me-1; C-4 to Me-11; C-5 to H-7a and H-7b; C-6 to H-4, Me-11, Me-12 and Me-13; C-7 to H-9a and H-9b; C-9 to Me-12 and Me-13; C-13 to H-9a and H-9b. HRESIMS 3369, 2956, 2926, 2859, 1741, 1694, 1458, 1438, 1381, 1287, 1260, 1133, 1101, 1056, 974, 956, 903, 767 cm -1 ; 1 H NMR (CDCl 3 , 600 MHz) δ 1.96 (1H, m, H-5a), 1.92 (3H, s, 3-Me), 1.80 (3H, s, 2-Me), 1.74 (1H, m, H-5b), 1.29 (2H, m, CH 2 -8), 1.27 (2H, m, CH 2 -7), 1.15 (2H, m, CH 2 -6), 0.86 (3H, t, J = 7 Hz, CH 3 -9).
13 C NMR (CDCl 3 , 150 MHz) δ 172.2 (C, C-1), 157.8 (C, C-2), 125.6 (C, C-3), 107.0 (C, C-4), 36.2 (CH 2 , C-5), 31.7 (CH 2 , C-7), 22.8 (CH 2 , C-8), 22.6 (CH 2 , C-6), 14.1 (CH 3 , C-9), 10. (CDCl 3 , 600 MHz) δ 1.26-1.24 (48H, m, CH 2 -3 to CH 2 -26), 1.11 (4H, m, CH 2 -2 and CH 2 -27), 0.88 (6H, t, J = 7 Hz, CH 3 -1 and CH 3 -28). 13 C NMR (CDCl 3 , 150 MHz) δ 32.3 (CH 2 , C-3 and C-26), 30.0 (CH 2 , C-5 to C-24), 29.6 (CH 2 , C-4 and C-25), 23.0 (CH 2 , C-2 and C-27), 14.4 (CH 3 , C-1 and C-28).
TRANS-PHYTYL PALMITATE (4)
White amorphous solid; [α] D -1.4 (c 0.237, CHCl 3 ); UV (Hex) λ max (log ε) 210 (3.33) nm; IR (NaCl) v max 2916, 2849, 1738, 1732, 1641, 1462, 1456, 1372, 1236, 1165, 1114, 1046, 958, 756, 729, and and CH 3 -16'), 0.84 (6H, m, 7'-CH 3 and 11'-CH 3 ). 13 C NMR (CDCl 3 , 150 MHz) δ 174.1 (C, C-1), 142.7 (C, C-3'), 118.5 (CH, C-2'), 61.4 (CH 2 , C-1'), 40.1 (CH 2 , C-4'), 39.6 (CH 2 , C-14'), 37.5-37.3 (CH 2 , C-6', C-8' and C-10'), 36.8 (CH 2 , C-12'), 34.6 (CH 2 , C-2), 33.0 (CH, C7' and C-11'), 32.2 (CH 2 , C-14), 29.9-29.4 (CH 2 , C-4 to C-13), 28.2 (CH, C-15'), 25.2-24.7 (CH 2 , C-3, C-5', C-9' and C-13'), 22.9 (CH 2 , C-15), 22.8 (CH 3 , 15'-CH 3 and C-16'), 19.9 (CH 3 , 7'-CH 3 and 9'-CH 3 ), 16.6 (CH 3 , 3'-CH 3 ), 14.3 (CH 3 , C-16).
LINOLEIC ACID (5) Light yellowish solid; UV (EtOH) λ max (log ε) 224 (1.28), 272 (0.36) nm; IR (NaCl) v max 3436, 3024, 2984, 2918, 2850, 1741, 1710, 1648, 1465, 1374, 1243, 1047 and 758 cm -1 ; 1 H NMR (CDCl 3 , 600 MHz) δ 5.32-5.36 (4H, m, H-9, H-10, H-12, and H-13), 2.79 (1H, t, J = 7, H-11a), 2.75 (1H, t, J = 7, H-11b), 2.32 (2H, t, J = 8 Hz, CH 2 -2), 2.03 (4H, m, CH 2 -8 and CH 2 -14), 1.61 (2H, m, CH 2 -3), 1.26 (14H, m, CH 2 -4 to CH 2 -7 and CH 2 -15 to CH 2 -17), 0.87 (3H, t, J = 7 Hz, CH 3 -18). 13 C NMR (CDCl 3 , 150 MHz) δ 179.8 (C, C-1), 130.5 (CH, C-13), 130.3 (CH, C-9), 128.3 (CH, C-12), 128.1 (CH, C-10), 34.2 (CH 2 , C-2), 31.8 (CH 2 , C-16), 29.9-29.3 (CH 2 , C-4 to C-7 and C-15), 27.4 (CH 2 , C-8 and C-14), 25.9 (CH 2 , C-11), 24.9 (CH 2 , C-3), 22. 2926, 2855, 1744, 1458, 1437, 1376, 1364, 1245, 1196, 1171, 1018, 882 and 722 cm -1 ; 1 H NMR (CDCl 3 , 600 MHz) δ 5.32 (2H, m, H-9 and H-10), 3.64 (3H, s, 1-OCH 3 ), 2.28 (2H, t, J = 8 Hz, CH 2 -2), 1.98 (4H, m, CH 2 -8 and CH 2 -11), 1.59 (2H, m, CH 2 -3), 1.28 (20H, m, CH 2 -4 to CH 2 -7 and CH 2 -12 to CH 2 -17), 0.86 (3H, t, J = 7 Hz, CH 3 -18). ETHYL PALMITATE (7) Yellowish oil; UV (Hex) λ max (log ε) 206 (3.10), 274 (0.11) nm; IR (NaCl) v max 2924, 2853, 1740, 1465, 1420, 1373, 1349, 1302, 1244, 1177, 1116, 1098, 1036, 859, 804 
RESULTS AND DISCUSSION
The n-hexane extract of C. pallida from Perak, Malaysia yielded one new cyclopentylidene, crotolidine (1) and seven known compounds, i.e. hydroxydihydrobovolide (2), octacosane (3), trans-phytyl palmitate (4), linoleic acid (5), methyl oleate (6), ethyl palmitate (7) and palmitic acid (8) through extensive chromatographic purifications of the crude extracts (Figure 1 ). The structures of the compounds 1-8 were characterized using NMR, HRESIMS, IR and UV spectroscopy and the NMR data are available in the supplementary document.
Crotolidene (1) 13 C and 1 H NMR data as discussed above. The first partial structure CH 2 -CH(OH)-CH 2 containing two methylenes and an oxymethine corresponds to C(7)-C(8)-C(9), while the second alkene-methine partial structure CH=CH is assigned to C(3)-C(4). The observed coupling constant of 16 Hz for the sp 2 methines suggested H(3) and H(4) are arranged in trans-configuration (3E). The HMBC spectrum ( Figure S1 ) showed J 2 correlations from carbonyl C(2) to Me-1 and H(3) and J 3 correlation from C(3) to Me-1 connecting the methyl ketone functionality to the CH=CH (i.e. C(3)-C(4)) partial structure providing the Me-CO-CH=CH-fragment. The J 2 HMBC correlations from C(5) to Me-11 and J 3 HMCB correlations from C(4) to Me-11 and C(6) to H(4) and Me-11, extended the conjugation of the fragment to Me-CO-CH=CH-C(Me)=C-(methylhexadienone) corresponding to C(1)-C(2)-C(3)-C(4)-C(5) C(11)-C(6)-. Hence, three of the four degrees of unsaturation indicated by the molecular formula of 1 can be attributed to the C(2) ketone and C(3)-C(4) and C(5)-C(6) double bonds.
The C(5) of the methyl-hexadienone fragment showed J 3 HMCB correlation to H(7), connecting the Me-CO-CH=CH-C(Me)=C-(methyl-hexadienone) to the CH 2 -CH(OH)-CH 2 partial structures together. The vice versa J 3 HMCB correlation between Me-12 and M-13 suggested both the methyls group are connected to the same carbon center (C(10)). The observation of J 3 HMBC correlation from C(6) to Me-12 and Me-13 suggested C(6) is a positioned to the C(10) carbon center which is connecting to both Me-12 and Me-13. The final key HMBC J 2 correlation from C(10) to H(9) and J 3 correlations from C(9) to Me-12 and M-13 formed the cyclopentyl ring of structure 1. The cyclopentyl ring accounted for the last degree of unsaturation in the structure of 1.
The configuration of the C(5) and C(6) alkene is assigned as Z. In the 5Z configuration, the Me-11 is located in further distance from other protons such as CH 2 (7) and H(3). However, in the case of 5E configuration, the Me-11 is located in near proximity with Me-12 and Me-13. The NOESY experiments of compound 1 show no correlations between Me-11 and other protons suggested no proximate protons in the Me-11 vicinity supporting the 5Z configuration. Due to the minute amount of compound 1, we were not able to assign the configuration of OH-8. The enantiomeric relationship of a-OH-8 and b-OH-8 structures was not resolvable in the NMR experiments. Hence, the structure of crotolidene (1) is (3E,5Z)-5-(4-hydroxy-2,2-dimethylcyclopentylidene) hex-3-en-2-one (Figure 2 ).
Hydroxydihydrobovolide (2) The COSY spectrum showed only one partial structure, such as CH 3 CH 2 CH 2 CH 2 corresponding to C(5)-C(6)-C(7)-C(8)-C(9) pentyl side chain. The HMBC spectrum shows 3 J correlations from C(1) and C(3) to 2-Me and C(2) and C(4) to 3-Me confirming the presence of the dimethyl-2-furanone moiety. The observation 13 C NMR chemical shift of C(4) at d C 107.0 suggested that the hydroxyl group is attached to this carbon. The pentyl side chain is connected to the hydroxyl-dimethyl-2-furanone moiety at C(4), a deduction from the HMBC results with the observation of 2 J correlation from C(4) to H(5), hence completing the structure of 2 as 5-hydroxy-3,4-dimethyl-5-pentylfuran-2(5H)-one. Compound 2 has been previously isolated from microorganism (Koshino et al. 1989; Wu et al. 2011; Yuan et al. 2016 ) and named as hydroxydihydrobovolide and was reported to show mild antimicrobial activity. The experiment data were similar with those reported and this is the first isolation report of hydroxydihydrobovolide from a plant source (Figure 3) . Octacosane (3) was isolated as white solid from the most non-polar fractions. The IR spectrum showed absorption bands attributing to the aliphatic functionality H NMR spectrum showed presence of two methyl signal at δ H 0.88 (Me-1 and Me-28); and a methylene cluster signal at δ H 1.26 integrated for 56 protons or twenty-six set of methylenes which were assigned to C(2) to C(27). The 13 C NMR spectrum displayed five carbon signals attributed to twenty-eight carbons, with signal at δ C 14.4 assigned to the terminal methyl C(1) and C(28) and four other signals at δ C 23.0 (C-2 and C-27), 32.2 (C-3 and C-26), 29.6 (C-4 and C-25) and 30.0 (C-5 to C-24) assigned to the methylene carbons. Octacosane (3) is a known hydrocarbon and was previously isolated from other plants such as Euphorbia esula, Heracleum sphondylium and Moschosma polystachyum (Farnsworth et al. 1968; Lawrie et al. 1968; Rajkumar & Jebanesan 2004) and was reported to display mosquitocidal activity. The experimental data were similar with those of the reported data (Sigma-Aldrich 2017; Speight et al. 2011) .
trans-Phytyl palmitate (4) (Asand et al. 1991) , linoleic acid (5) (Gunstone 2007; Gunstone & Jacobsberg 1972) , methyl oleate (6) (Gunstone 2007; Rakoff et al. 1979) , ethyl palmitate (7) (Gunstone 2007; Joshi et al. 2009 ) and palmitate acid (8) (Gunstone 2007; Miranda-Vilela & Grisolia 2009 ) are common known fatty-acids or fattyesters. The structures of the compounds were established by comparing the experiment data with the reported data. Both set of data were found to be similar.
CONCLUSION
In the present studies, we have successfully isolated and characterized a new cyclopentylidene, crotolidene (1) which possessed the (3E,5Z)-5-(4-hydroxy-2,2-dimethylcyclopentylidene)hex-3-en-2-one structure and seven known compounds, i.e. hydroxydihydrobovolide (2), octacosane (3), trans-phytyl palmitate (4), linoleic acid (5), methyl oleate (6), ethyl palmitate (7) and palmitate acid (8), from Malaysia C. pallida. This is the first isolation report from the Malaysia C. pallida to best of our knowledge. Compound 1 and 2 were not subjected to further bioassays characterization due to the minute amount of samples isolated in this study. The NMR spectrum 1-8 are available in the supplementary document.
